Intentional forgetting benefits memory by removing no longer needed information and promoting processing of more relevant materials. This study sought to understand how the behavioural and neurophysiological representation of intentional forgetting would be impacted by emotion. We took a novel approach by examining the unique contribution of both valence and arousal on emotional directed forgetting. Participants completed an item directed forgetting task for positive, negative, and neutral words at high and lower levels of arousal while brain activity was recorded using electroencephalography (EEG). Behaviourally, recognition of to-beremembered (TBR) and to-be-forgotten (TBF) items varied as a function of valence and arousal with reduced directed forgetting for high arousing negative and neutral words. In the brain, patterns of frontal and posterior activation in response to TBF and TBR cues respectively replicated prior EEG evidence to support involvement of inhibitory and selective rehearsal mechanisms in item directed forgetting. Interestingly, emotion only impacted cue-related posterior activity, which varied depending on specific interactions between valence and arousal.
Introduction
Although we tend to prioritize storing meaningful moments in memory, understanding how we forget is just as critical. The current paper seeks to understand the electrical brain activity associated with intentional forgetting of information with varying emotional intensity.
While generally perceived as a failure of memory, there are many instances where forgetting or de-prioritizing information might be more favourable, such as for a phone number that has gone out of service or a painful event we wish to push from awareness. Researchers have long been interested in how we will ourselves to forget and argue that, when intentional, forgetting allows memory to operate more efficiently by reducing clutter. In other words, no longer needed information is deleted or made less accessible and resources are released for processing and storing more relevant information (e.g., Bjork, LaBerge, & Legrand, 1968; Bjork, 1970) . Such work led to a theory of intentional forgetting and development of a laboratory method for testing this process termed the "directed forgetting" task (see reviews by Bjork, 1972; Gallant & Yang, 2015; MacLeod, 1998) .
In the directed forgetting paradigm, forgetting is manipulated through implementation of memory cues that instruct participants to remember or forget previously learned material. The task is conducted using either a list-or item-based approach, which differ primarily in the timing of cue presentation (Basden & Basden, 1998) . In the list-based version, two groups of participants study an entire list of stimuli after which one group receives a cue to forget the list and the other receives a cue to remember. Both groups then study a second list of words that are to-be-remembered. In this version, the directed forgetting "effect" is observed when the group receiving the forget cue shows reduced memory for the first list on a subsequent memory test than the group receiving the remember cue. In the item-based task (the version relevant to the current study), cues are delivered following presentation of each item. Different from the listbased task, the directed forgetting effect is revealed in a within-subjects comparison of memory for stimuli cued as to-be-remembered (TBR) versus to-be-forgotten (TBF), with TBF items again being reduced relative to TBR items. The item method is particularly useful for the ERP technique as cues are presented several times throughout the procedure, allowing for multiple observations of cue-related activity. For this reason, moving forward, we focus on reviewing literature specific to the item method of directed forgetting.
Two main mechanisms have been proposed to underlie item directed forgetting, with the first describing a differential encoding account of TBR and TBF items. According to this hypothesis, participants selectively rehearse TBR stimuli to a greater degree than TBF stimuli, thereby producing the memory benefit for TBR items while TBF items passively decay. Another account proposes a more active inhibitory role in which mechanisms of cognitive control come online to suppress the representation of TBF items (for a review of accounts, see Anderson & Hanslmayr, 2014) . Several behavioural and neural investigations merge to support these two theories. For instance, providing support for the inhibitory account, behavioural evidence has shown that implementation of a cue to forget is more cognitively demanding than a cue to remember, with fewer resources available to perform a secondary task following a forgetrelative to remember-cue (Fawcett & Taylor, 2008) .
Linking behaviour to brain activity, attempts to remember and forget have often been associated with differing patterns of activation in both functional magnetic resonance imaging (fMRI; Nowicka, Marchewka, Jednorog, Tacikowski, & Brechmann, 2011; Wylie, Foxe, & Taylor, 2008) and event-related potential (ERP) studies (e.g., Paz-Caballero, Menor, & Jimenez, 2004; van Hooff & Ford, 2011) . Relative to TBF cues, cues to remember have been associated with more positive ERP activity over posterior or parietal regions (Bailey & Chapmann, 2012; Hauswald, Schulz, Jordanov, & Kissler, 2010; Hsieh, Hung, Tzeng, Lee, & Cheng, 2008; PazCaballero et al., 2004; van Hooff & Ford, 2011) . Relatively early differences have been argued to reflect a P300-like response involved in enhanced use of attentional resources to TBR items, while activation in later epochs (i.e., a late positive component; LPC) is thought to reflect engagement of selective rehearsal mechanisms for encoding those items. In contrast, a reversed effect has been observed anteriorly, with greater positivity in frontal ERPs for TBF than TBR cues, patterns of activation thought to underlie an inhibitory mechanism that prevents processing of TBF items (Hauswald et al., 2011; van Hooff & Ford, 2011) . Thus, current behavioural and cognitive neuroscience research provide evidence for a combined role of inhibition of TBF items coupled with selective rehearsal of TBR items in directed forgetting.
But what about when we want to forget emotional information? A question of increasing interest in the directed forgetting literature has been whether emotional material might be harder to forget relative to neutral stimuli, a logical question considering the priority that emotion often assumes in memory (Labar & Cabeza, 2006 ). An examination of the related literature reveals a mixed pattern of results. Some studies have found that negative words enhance directed forgetting by facilitating recognition of TBR negative items (Brandt et al., 2013) , while others have argued that negative items reduce directed forgetting driven by increased recognition of TBF negative items (Bailey & Chapman, 2012; Hauswald et al., 2011; Yang, Lei, & Anderson, 2015) . Further observations have shown equivalent rates of directed forgetting across emotional and neutral words (Gallant & Yang, 2014; Patrick, Kiang, & Christensen, 2015; Yang et al., 2012) .
A deeper look at the methodological variations of these studies reveals a potential source for the discrepant findings. In its current state, there is a lack of distinction between the roles of valence and arousal in the emotional directed forgetting literature. Yet theoretical models of affect characterize emotion as varying along two dimensions of valence (i.e., pleasantness vs. unpleasantness) and arousal (i.e., activation vs. deactivation; Russell, 1980) . The existing emotional directed forgetting studies have largely involved separate investigations of either highly arousing emotional stimuli against a low arousing neutral baseline (e.g., Brandt et al., 2013; Yang et al., 2015) or emotional stimuli matched on arousal to a neutral baseline (Gallant & Yang, 2014; Patrick et al., 2015) . Although Bailey and Chapman (2012) attempt to disentangle the effects of valence and arousal in directed forgetting, their investigation used a simultaneous cuing procedure that did not allow for processing of emotional words prior to implementation of the cue. Furthermore, very few of these studies have included a positive emotion comparison condition, thereby limiting the discussion of emotional effects to negative stimuli. The current body of research therefore lacks a complete picture of emotional effects on item directed forgetting, specifically in terms of the interaction between valence and arousal and the role of positive emotion.
The importance of considering the role of valence and arousal in experimentation can be inferred by looking at how the brain responds to each dimension. fMRI studies have shown that processing of valence and arousal are supported by distinct brain networks (Kensinger & Corkin, 2004) and have varying temporal representations (Bayer, Sommer, & Schacht, 2010; Citron, Weekes, & Ferstl, 2013; Olofsson, Nordin, Sequeira, & Polich, 2008; Recio, Conrad, Hansen, & Jacobs, 2014) . In the ERP literature, two prominent components associated with emotional word processing include the early posterior negativity (EPN) and the LPC (for reviews see Citron, 2012 , and, Olofsson et al., 2008 . Specifically, greater negative deflections have been found in response to words high in arousal during early time windows, typically 200-350 ms post onset of the word (i.e., the EPN). This early deflection is thought to reflect initial attentional orientation to emotional stimuli that is independent of task demands (e.g., Citron et al., 2013; Recio et al., 2014) . Following this early component, the LPC peaks around 400-600 ms following stimulus onset but has also been shown to persist for up to one second following stimulus offset (Brown, Steenbergen, Band, de Rover, & Nieuwenhuis, 2012) . The LPC is modulated by both valence and arousal with more positive activity emerging for stimuli that are highly arousing versus low arousing and also for items high in positive or negative valence relative to neutral stimuli.
Although both valence and arousal seem to impact the LPC they do not necessarily interact such that greater amplification is often observed in emotional relative to neutral items regardless of arousal level (Bayer et al., 2010; Citron et al., 2013) . In contrast to the EPN, the LPC is reflective of explicit processing and allocation of attentional resources.
In the literature, a few studies have examined ERPs associated with attempts to intentionally forget emotional relative to neutral words (e.g., Brandt et al., 2013; Hauswald et al., 2011; Yang et al. 2012) . Consistent with prior research, these studies found enhanced LPCs for TBR relative to TBF stimuli coupled with greater frontal positivity for TBF than TBR items.
When examining emotional effects, however, Brandt et al. (2013) suggest that emotion had a specific impact on brain processes involved in intentionally remembering TBR items, but not those required to suppress TBF information. That is, the LPC following TBR cues showed more positive activity during negative high arousing relative to neutral words. Frontal positivity following TBF cues, however, did not vary with emotion. Hauswald et al. (2011) support this latter finding but showed no impact of emotion on TBR-related activity. In contrast, Yang et al. (2012) found that TBF-related frontal activity was more impacted by negative relative to neutral items. Thus, even within the ERP literature, there are inconsistencies with regard to how the brain deals with emotion in the context of directed forgetting. Taking into account the multidimensional nature of emotion by determining the role of valence and arousal may help in clarifying these discrepancies.
Objectives and Hypotheses
The present study therefore sought to determine the role of valence and arousal and their potential interaction in item directed forgetting at both a behavioural and neurophysiological level. Using an item-based approach, a directed forgetting paradigm for high and low arousing positive, negative, and neutral words was administered in a healthy young adult population while simultaneously recording encoding-based activity using EEG. Electrical brain activity associated with words and cues presented during encoding were separately analyzed. During word processing, the LPC was the component of interest as our primary focus was in the intentional processing of these words (Brown et al., 2012; Citron, 2012) . Consistent with the literature, a greater LPC over centro-parietal and parietal electrodes was expected to emerge for words high in valence, despite arousal levels (e.g., Bayer et al., 2010; Olofsson et al., 2008; Recio et al., 2014) . That is, we did not expect an interaction of valence and arousal for LPC activity time locked to presentation of the cue. As the LPC is often associated with engagement of attention and selective rehearsal, this effect may be most prominent for negative relative to positive words (regardless of arousal) given that young adults sometimes exhibit a negativity bias in attention and memory (e.g., Charles, Mather, & Carstensen, 2003; Citron et al., 2013) .
When processing the cue, irrespective of the previous word's emotional status, enhanced positivity at frontal sites was predicted for TBF relative to TBR cues reflecting engagement of inhibitory-based mechanisms to suppress TBF items. Posteriorly, TBR cues were hypothesized to elicit more positive deflections in late time windows indicative of an LPC to support the selective rehearsal of TBR words. When examining emotional effects on cue-related activity, consistent with prior studies, the emotional tone of words was not expected to modulate frontal activity associated with TBF words (Brandt et al., 2013; Hauswald et al., 2011) . The LPC associated with TBR cues, however, may be more affected by the emotional tone of stimuli due to greater selective rehearsal of emotion, which -again -may be particularly enhanced for negative stimuli. Finally, we examined the potential influence of mood and depressive symptomology on our behavioural and neural outcomes as research has suggested that such factors can influence emotional biases in attention (Dalgleish et al., 2003; Fiedler, Nickel, Muehlfriedel, & Unkelbach, 2001; Lewis, Critchley, Smith & Dolan, 2005) . This allowed us to gain insight on whether our main outcomes could be attributed to the inherent emotional content of the stimuli or certain characteristics of our participants.
Taken together, this study makes a novel contribution to the literature by examining the impact of arousal and valence on the neurophysiological and behavioural representation of item directed forgetting processes. Use of EEG to examine neural correlates associated with this task may also help in clarifying how the selective rehearsal and inhibitory processes associated with directed forgetting are differentially modulated by fluctuations in both valence and arousal.
Results

Behavioural Data
Proportion of hits as a function of valence, arousal, and cue are illustrated in Figure 1 .
Hits were analyzed in a 3 (valence) × 2 (arousal) × 2 (cue) repeated-measures analysis of variance (ANOVA; see Table 4 for summary statistics). Replicating the directed forgetting effect, hits were higher for TBR (M = .66, SD = .16) than TBF items (M = .52, SD = .16). A main effect of valence revealed more hits toward negative than positive (p = .031) and neutral words (p < .001), and positive relative to neutral words (p = .041). High arousal words (M = .60, SD = .16) also received a higher degree of hits than low arousal words (M = .57, SD = .14).
Valence interacted with cue, qualified by a three-way interaction between valence, arousal, and cue. When unpacking this interaction, it was found that arousal and valence differentially impacted the magnitude of directed forgetting. Relative to the other conditions, the difference between TBR and TBF hits was reduced for negative stimuli of high arousal (p = .101), driven by enhanced recognition of high arousal negative TBF relative to the positive (p = .047) and neutral high arousal TBF (p = .017) conditions. Upon visual inspection of negative low arousing items, the directed forgetting effect appeared reduced relative to the other non-negative conditions although the difference between the two conditions was statistically significant (p = .030; see Figure 1 ). Similar to high arousal negative TBF items, low arousing negative TBF items had higher hit rates than positive or neutral low arousal TBF items (ps ≤ .01). In contrast, higher levels of arousal facilitated recognition of positive TBR relative to low arousal positive TBR words (p = .016), while high arousal in the neutral condition facilitated recognition of TBF relative to low arousal neutral TBF words (p = .005).
Next, false alarms (i.e., the proportion of new items recognized as old) were calculated and the resulting scores are displayed in Table 3 as a function of valence and arousal. These scores were entered to 3 (valence) × 2 (arousal) repeated measures ANOVA (see Table 5 for summary statistics). Although no main effects were observed, there was an interaction of valence and arousal. False alarms did not differ across arousal levels for negative and neutral items (ps > .16) but for positive items, false alarms for high arousal words were reduced relative to low arousal items (p = .006). False alarms for positive high arousal items were also significantly lower than for negative items (p = .006); no other differences were observed.
The calculated recognition bias (Br) scores for each of the valence and arousal conditions were less than 0.5, indicating an overall conservative bias across participants (see Table 3 ).
These scores were submitted to a 3 (valence) × 2 (arousal) repeated-measures ANOVA where a main effect of valence emerged (see Table 6 for summary statistics). Collapsing across arousal, follow-up comparisons revealed higher Br scores for negative (M = .46, SD = .24) than positive items (M = .42, SD = .24; p = .033); Br for neutral items (M = .43, SD = .24) did not differ from positive or neutral items (ps > .11). Valence and arousal also interacted, with higher Br for negative high arousal relative to negative low arousal words (p = .001), a difference that did not exist within the other valence conditions (ps > .09). Bias scores for negative high arousing items were also greater than that of positive high arousal items (p < .001).
ERP Data
Word effects.
Word-related ERPs consistent with the LPC were submitted to a 3 (valence) × 2 (arousal) ANOVA (see Table 7 for summary statistics). As expected, the analysis revealed a main effect of valence. Follow-up comparisons showed this was driven by a more positive LPC for negative than positive and neutral words, ps < .05 (see Figure 2) . The main effect of arousal and the interaction of the two emotion factors were non-significant, ps > .16.
Cue effects.
Frontal activity.
The 3 (valence) × 2 (arousal) × 2 (cue) ANOVA on frontal activity between 350 and 850 ms post-cue presentation revealed a marginal effect of cue in the predicted direction (see Table 8 for summary statistics). Specifically, there was more positive frontal activation in response to TBF relative to TBR cues (see Figure 3) . Neither valence nor arousal modulated frontal ERPs, ps > .12.
Parietal activity.
Parietal ERPs 350 to 850 ms following the cue were analyzed in a 3 (valence) × 2 (arousal) × 2 (cue) ANOVA (see Table 9 for summary statistics). In line with predictions, TBR cues evoked a more positive LPC than TBF cues; all other main effects were non-significant, ps > .18. There was an interaction between valence and arousal, qualified by a three-way interaction between valence, arousal, and cue. The three-way interaction revealed that TBR and TBF items were processed differently as a function of both valence and arousal . Across valence and arousal, more positive activity was observed for TBF negative low relative to negative high arousal words (p =.024), whereas a reversed (marginal) difference was seen for positive TBF items with more positive deflections for high relative to low arousal words (p = .060). This interesting crossover effect for TBF negative low arousal and positive high arousal words is more clearly illustrated in Figure 6 . Finally, neutral words showed more positive activity for TBR items at low relative to high levels of arousal (p = .006).
Potential Confounding Variables
No significant correlations were observed between scores on the PANAS (positive or negative affect) or CES-D and the behavioural directed forgetting index across all valence and arousal conditions (rs > -.294 or < .356, ps > .120). Similarly, in the brain, there was no association between scores on these measures and cue-related activity in frontal (rs > -.336 or < .265, ps > .109) or parietal regions (rs > -.274 or < .338, ps > .106) across valence and arousal conditions. There was, however, an association between negative affect on the PANAS and the word-related LPC effects specific to negative high arousing words (r = .603, p = .002), negative low arousing words (r = .475, p = .019), and positive high arousing words (r = .682, p < .001).
Discussion
The current study sought to examine the differential effects of valence and arousal on the behavioural and neural representation of item directed forgetting. Behaviourally, directed forgetting was observed with greater recognition of TBR relative to TBF items, but this difference varied depending on the valence and arousal of items. The magnitude of directed forgetting was smaller for negative words at both levels of arousal, which was due to reduced suppression of negative TBF words relative to the other valence/arousal conditions. These findings are in line with prior studies suggesting that negative stimuli may be particularly difficult to intentionally forget (e.g., Hauswald et al., 2010; Yang et al., 2015) . These findings also support the often observed "negativity bias" in which young adults show an advantage in attention and memory for negative relative to positive or neutral stimuli (Charles et al., 2003) . A differential impact of arousal was also observed for neutral words with reduced forgetting of high relative to low arousal words, suggesting that higher levels of arousal without variation in valence can interfere with suppression of TBF items. In the positive condition, however, high arousal facilitated recognition of TBR words while no difference was seen in suppression of TBF positive items across arousal.
When examining response bias scores, we found that participants adopted a largely conservative bias during recognition, which suggests a reluctance to respond "old" unless participants had a strong feeling of familiarity associated with the item (Hill & Windmann, 2014; Snodgrass & Corwin, 1988 ). In the current study, recognition bias scores were elevated specifically for high arousal negative items relative to the other valence/arousal conditions, which is consistent with prior research in this field (e.g., Hauswald et al., 2011) . Although scores for this condition remained within the "conservative" range, they shifted closer to a neutral/liberal bias, in which participants become more likely to respond "old" even in the absence of familiarity. This finding is also consistent with prior literature examining the impact of emotion on response bias such as that of Dougal and Rotello (2007) who found that negative arousing words consistently evoke a higher proportion of "old" responses on recognition tasks relative to positive or neutral words. With regards to recognition performance, the higher Br scores we observed here for negative arousing items might have thus contributed to the increased hit rates for negative TBF items. Taken together, the behavioural findings provide evidence that valence and arousal have a differential impact on the ability to intentionally encode TBR items and suppress those that are TBF during directed forgetting; however, shifts in response bias may modulate recognition performance particularly at higher levels of arousal for negative valence.
Brain responses were also modified by valence and arousal. When participants were studying the word, even before presentation of the cue, the brain had already begun to process items high in negative valence differently than the other conditions. As predicted, the LPC showed more positivity in response to negative items at both levels of arousal. That the LPC was more sensitive to fluctuations in valence despite arousal levels also falls in line with literature suggesting that valence exerts its greatest impact during later explicit stages of information processing (i.e., 400-1000 ms post-stimulus presentation; Bayer et al., 2010; Citron, 2012) .
According to the literature, the LPC is argued to reflect selective attention toward and processing of emotional stimuli (Brown et al., 2012) . Moreover, the neural substrate of the LPC is thought to consist of a network of cortical and subcortical structures, such as the visual cortices, prefrontal cortex, parietal cortex, and deep emotion-processing structures (e.g., insula, amygdala; Liu, Huang, McGinnis-Deweese, Keil, & Ding, 2012) . The involvement of these regions supports the notion that motivated attention may therefore lead to preferential processing of emotional information. As such, in the context of the current experiment, it is likely that participants devoted greater attention toward studying negative items relative to the other conditions, a finding that-much like our behavioural results-is consistent with a "negativity bias" in young adults' attention and brain responses to emotional words (e.g., Wood & Kisley, 2006) . The fact that these items may have received more attention may also be a factor in why recognition of high arousing negative TBF items was enhanced relative to the other similarly cued conditions. Following cues, frontal ERPs differed on the basis of cue type, with TBF cues eliciting more positive activity relative to TBR cues, which may be indicative of cognitive control or inhibitory mechanisms working to suppress TBF items as suggested by prior investigations (Hauswald et al., 2010; van Hooff & Ford, 2011) . Consistent with the literature, cue-related frontal activity did not vary by valence or arousal. Over parietal sites, TBR cues evoked greater positivity than TBF cues, replicating existing research (Brandt et al., 2013; Hauswald et al., 2010) . As activation patterns over parietal regions in this time window are thought to reflect allocation of attentional resources, these results likely reflect selective rehearsal of TBR-relative to TBF-cued items. Taken together, these findings lend support to a combined role of inhibitory and selective rehearsal mechanisms in the neural representation of item directed forgetting.
Although emotional valence of the target word did not modulate anterior cue-related ERPs, valence and arousal had differential impacts on posterior TBR cue-related activity. Most notably was the difference observed for negative low arousing and positive high arousing conditions ( Figure 6 ). Specifically, positive high and negative low arousing TBF words elicited more positive activity relative to their alternate valence/arousal TBF comparisons suggesting these items may have received greater attentional resources and information processing. Interestingly, this is not the first time a differential pattern of brain responses toward positive high and negative low arousal words has been reported. In an earlier investigation of valence and arousal effects on written word recognition, Citron and colleagues (2013) found enhanced sustained slow positivity (SSP) over centro-parietal sites for positive words high in arousal as well as negative words low in arousal. The authors argued this reflected sustained attention toward those items, which may be rooted in conflicting approach-withdrawal reactions toward positive high and negative low arousing words. This draws on motivational theories suggesting that items with either positive valence or low arousal evoke an approach-orientation as they are presumed to be "safe", whereas negative valence or high arousal items elicit a withdrawalorientation as they induce a feeling of "threat" (Citron, 2012; Robinson, 1998) . Citron et al. (2013) argue that when a conflict is created between the approach-withdrawal orientations, such as with high arousal positive and low arousal negative items, increased cognitive resources are required by the brain to deal with the conflict. Applying this to the current study, despite an instruction to forget, it appears that these conflicting valence/arousal combinations may have also elicited enhanced sustained attention from our participants as indicated by their increased positive deflections following TBF cues.
Moving to the middle of the valence continuum, neutral items showed differences in parietal positivity as a function of arousal. Following TBR cues, low arousal items showed enhanced positivity relative to their high arousal alternatives. This may be linked to the lack of saliency that neutral low arousal items exhibit when compared to items that are extreme in valence or high in arousal. As a result, these words may require greater processing and attention in order to be effectively encoded in memory, thus explaining the observed ERP differences for this condition (Citron et al., 2013) . Altogether, these results clearly indicate that valence and arousal differentially impact how the brain deals with relevant (i.e., TBR) and irrelevant (TBF) stimuli over parietal but not frontal regions.
Finally, the main behavioural and neural directed forgetting results reported here did not correspond to affective state (positive or negative) or depressive symptomology suggesting these factors likely did not play a role in our observed effects. However, we did find a strong positive relationship between negative affect and the LPC evoked when viewing negative high and low arousing words as well as high arousing positive words prior to presentation of the cue. This interesting finding suggests that participants high in negative affect also showed greater LPCs for emotional items in general (with the exception of the positive low arousal condition). Moodcongruent ERP effects have been previously found during emotional word processing.
Specifically, Kiefer, Schuch, Schenck, and Fiedler (2006) found that while studying positive words, those in positive relative to negative mood states evoked a smaller N400, a component sensitive to semantic incongruence. To the best our knowledge, this is the first study to show an association between negative mood and the emotion-related LPC when viewing emotional items.
That the association with mood was specific to the LPC and not observed for cue-related findings (i.e., directed-forgetting effects) suggest that this mood-congruent relationship may be specific to mechanisms of attention evoked during word processing.
Conclusions
The current findings replicate existing research while providing novel evidence for the individual impact that valence and arousal can have on human memory performance and brain activity. Behaviourally, we observed varying recognition of TBR and TBF items as a function of valence and arousal such that directed forgetting of negative and neutral high arousal words was reduced, while intentional remembering of positive high arousal items was enhanced. At the neural level, we replicated previous neurophysiological findings that support involvement of both inhibitory and selective rehearsal mechanisms in directed forgetting (e.g., Hauswald et al., 2010; van Hooff et al., 2011) . Moreover, whereas emotional valence of the target word did not impact frontal-based activity in response to cues (similar to Brandt et al., 2013) , each dimension differentially influenced how the brain dealt with instructions to remember and forget over parietal sites. The interesting activation patterns we observed for positive high and negative low arousing words seem to be best explained by conflicting approach-withdrawal reactions that required greater processing to resolve (Citron, 2012; Robinson, 1998) . All in all, and perhaps most importantly, the findings support a multidimensional model of emotion that should be taken into account during experimentation.
Experimental Procedure
Participants
Twenty-four young adults (8 males; aged 18-29) were recruited from Introductory Psychology courses at Ryerson University to participate in the study. Participants were included if they (1) had normal or corrected to normal vision, (2) were free of any neurological or psychiatric conditions affecting cognition, and (3) learned English prior to the age of six (due to the use of verbal stimuli). All participants received course credit for their participation. All procedures were approved by the Ryerson University Research Ethics Board and conformed to regulatory standards in conducting psychological research.
A battery of questionnaires was administered including a background questionnaire with queries on age and gender, the Shipley Institute of Living vocabulary test (Shipley, 1946) , the Beck Anxiety Inventory (BAI; Beck, Epstein, Brown, & Steer, 1988) , the Centre for Epidemiological Studies Depression scale (CES-D; Radloff, 1977) , and the Positive and Negative Affect Schedule (PANAS), which provides a measure of positive and negative affect (Watson, Clark, & Tellegen, 1988) .
To ensure proficiency with the English language, participants were excluded and replaced if they scored less than 20 on the Shipley vocabulary test, suggesting poor vocabulary. As research has suggested that emotional biases in attention can vary in the presence of anxiety symptoms we excluded and replaced participants with scores above 26 on the BAI, suggesting high anxiety (Dalgleish et al. 2003 ; see Table 1 for sample characteristics). Overall, three participants were excluded and replaced due to poor EEG data and four participants were excluded and replaced due to scores on the BAI. We did not exclude participants with scores over the cut-off on the CES-D as depression has been shown not to impact emotional biases in memory (Charles, Mather, & Carstensen, 2003; Dalgleish et al., 2003) . This data was instead used to determine if participants' depressive symptomology correlated with their memory performance and ERPs during the directed forgetting task across valence and arousal conditions. Similarly, scores on the PANAS were used to determine if there was an association between current mood state (positive or negative) and our main behavioural and ERP outcomes.
Stimuli and Apparatus
Stimuli characteristics are presented in Table 2 and the full list of items are displayed in Appendix 1. A total of 480 words was selected from the Affective Norms for English Words database (Bradley & Lang, 1999) according to valence and arousal ratings that each range from 1 (high negativity or low arousal) to 9 (high positivity or high arousal). The list contained equal proportions of words that were positive, negative, and neutral in valence with each condition differing on average valence (i.e., positive > neutral > negative, ps < .001). Within each valence condition, half the words were high in arousal and half were low in arousal (ps < .001). Positive and negative words were matched on mean arousal at each of the high and low arousal levels (ps > .08), while neutral words were always lower in arousal than emotional words, ps < .001.
This list was evenly separated into two lists to be counterbalanced as 'old' and 'new' lists across participants. Each sub-list was further evenly divided into a TBR and TBF list, also counterbalanced across participants. Within lists, there was always an equal representation of high and low arousal positive, negative, and neutral words, matched on stimulus frequency and length. Valence, arousal, frequency, and word length were also matched across all lists.
The experimental task was programmed using Presentation software (version 16.0, www.neurobs.com) and presented on a ACPI PC running Windows 7 Professional. Stimuli were displayed in white font against a black background on a Viewsonic VE175 monitor with a screen resolution of 1280 x 1024 and a viewing distance of approximately 60 cm. Responses during the recognition task were made using the '4' and '8' keys on the number pad of the keyboard, counterbalanced as old and new across participants.
Design and Procedure
The study adopted a 3 (valence: positive, negative, neutral) × 2 (arousal: high, low) × 2 (cue: TBR, TBF) within-subjects factorial design. Upon arrival to the lab, participants provided informed consent and were introduced to the experiment. Participants were asked to study a series of 240 words and to remember only those that were followed by the cue "RRRR" and to forget those followed by the cue "FFFF". They were aware that a memory test would follow, but were not told their memory for TBF stimuli would be tested. Each trial began with a fixation cross in the centre of the screen for 1000 ms, followed by a word for 2500 ms. After the word, a blank screen appeared as an inter-stimulus interval (ISI) that varied between 500 and 1000 ms equally across trials and was followed by a cue for 1000 ms. Another ISI appeared as a blank screen that again varied for 500 or 1000 ms before proceeding to the next trial. Words were presented randomly in four blocks of 60 words, which each took six minutes to complete. A 10 second break was provided between blocks.
After encoding, participants completed the Digit Symbol Substitution Test for two minutes as a distractor before proceeding to a recognition task for 240 old and 240 new words.
Participants were instructed to indicate whether each word was old regardless of the cue it was presented with at encoding or to respond new if they did not study it. It was emphasized that a word should be classified as old even if the participant knew it was a word they were supposed to forget. Each trial began with a word in the centre of the screen that remained on the screen until a response was detected. Once a response was made, an ISI appeared as a blank screen that varied between 500 and 1000 ms equally across trials before moving on to the next word. Following recognition, the PANAS, Shipley, CES-D, BAI, and background questionnaire were administered.
ERP Recording and Processing
ERP activity was continuously digitized during encoding using ActiView (Bio-Semi; Wilmington, NC) with a band-pass filter of 208 Hz and a sampling rate of 1024 Hz. Recordings were taken from F3, Fz, F4, FC3, FCz, FC4, C3, Cz, C4, CP3, CPz, CP4, P3, Pz, P4, POz, and referenced to the CMS (Common Mode Source) and DRL (Driven Right Leg). Horizontal eye movements were recorded using channels placed at the outer canthi and vertical eye movements from channels at the inferior orbits. The resulting data were processed using BESA 5.3 Research (MEGIS; Gräfelfing, Germany). Horizontal and vertical eye artifacts (e.g., blinks and saccades) were corrected using the HEOG and VEOG automatic eye correction in BESA. Using a 0.1 Hz (12db/oct; zero phase) to 30 Hz (24 db/oct; zero phase) filter, epochs were time-locked to the onset of the stimulus (i.e., word or cue) for each respective analysis. Activity from 200 ms prestimulus baseline and 1000 ms post-stimulus was rejected if amplitude difference exceeded 100 μV, gradient between consecutive time points exceeded 75 μV, or, if there was signal lower than 0.01 μV, within any channel. All EEG channels were re-referenced off-line to the average of the left and right mastoids.
Data Analysis
4.5.1 Behavioural data. Following prior practice (e.g., Gallant & Yang, 2014; Nowicka et al., 2011) recognition performance was quantified by measuring the proportion of hits (i.e., 'old' responses to an old item) and false alarms (i.e., new words participants guessed as old) to studied items and analyzed in two separate repeated-measures analyses of variance (ANOVA).
Hits were analyzed as a function of the within-subject factors valence, arousal, and cue whereas false alarms were analyzed as a function of valence and arousal. Due to the use of a binary response during recognition (i.e., 'old' vs. 'new'), it was not possible to disentangle false alarms according to each cue and so this factor was removed from the analysis.
To determine if recognition arose from real memory effects or modulation of response bias, a measure of recognition bias was calculated according to the two-high threshold model (Br = false alarms / [1-(hits -false alarms)]; Snodgrass & Corwin, 1988) . This model is built on theory suggesting that two distinct memory thresholds exist, one for recognizing old items and one for rejecting new items, and that only items exceeding each of these thresholds will be correctly recognized or rejected, respectively. The bias index of this model represents the probability of saying "yes" (or in this case "old") to an item when in a state of uncertainty. A Br of 0.5 indicates neutral bias, greater than 0.5 indicates a liberal bias, and less than 0.5 a conservative bias. As the formula relies on false alarms rates, calculation of Br as a function of cue was not possible and thus scores were analyzed as a function of arousal and valence only.
False alarm and recognition bias data are presented in Table 3 .
ERP data.
To examine the effect of word presentation on the LPC as a function of valence and arousal, mean amplitudes time-locked to onset of the word were analyzed.
Consistent with the LPC, data were extracted from CP4, CPz, CP3, P3, Pz, and P4 in the 400-1000 ms epoch. (Watson et al., 1988) . (Bradley & Lang, 1999) ; HA = High Arousal, LA = Low Arousal. Note: a Due to the binary response during recognition, disentangling false alarms according to cue was not feasible and so false alarms and Br are only reported for valence and arousal conditions. HA = High Arousal; LA = Low Arousal. Note: V = Valence, A = Arousal, C = Cue; significant effects displayed in bold font. Note: V = Valence, A = Arousal, C = Cue; significant effects displayed in bold font. Note: V = Valence, A = Arousal, C = Cue; significant effects displayed in bold font. Note: V = Valence, A = Arousal, C = Cue; significant effects displayed in bold font. Note: V = Valence, A = Arousal, C = Cue; marginally significant effect displayed in bold font. Note: V = Valence, A = Arousal, C = Cue; significant effects displayed in bold font. 
